The objective of this paper is to discuss the effects of teaching problem-solving strategies in the Engineering Drawing (ED) subject on student achievement, students' knowledge of problem-solving and students' problem-solving skills. The study was conducted on Form Four students (16 year old) from two Technical Secondary Schools in Peninsular Malaysia using two research instruments: the ED performance test and a questionnaire on problem-solving strategies. The quasi-experimental research design was employed on a sample of 209 students. The experimental group of 110 student utilized ED module which incorporated problem-solving strategies, while the control group of 109 student went through a conventional teaching and learning method. Research results showed that there were significant differences in terms of student achievement and student knowledge of problem-solving: the mean score of the experimental group was higher compared to that of the control group. On the other hand, research results showed that there was no significant difference between the two groups in terms of students' problem-solving skills, but the mean score of the experimental group was higher compared to that of the control group. This proves that the implementation of problem-solving strategies in teaching and learning successfully increases student achievement and students' knowledge of problem-solving besides positively affecting students' problem-solving skills. Therefore, teachers are advised to incorporate problem-solving strategies in their teaching and learning, especially in the Engineering Drawing subject.
Introduction
Problem-solving strategy is a method that can potentially produce effective and meaningful teaching and learning (T&L) as it is a strategy that is applied experientially and is student-centric. According to Serap and Gamze (2010) , problem-solving strategies are significantly linked to the elements involved in problem-solving procedures. Weinstein and Mayer (1986) state that a few cognitive psychologists define 'problem-solving strategies' as cognitive or learning strategies, while other cognitive psychologists define it from the standpoint of internal metacognitive processes such as high-level thinking, metacognition, metacognitive strategies, or self-control strategies (Armour-Thomas et al, 1992) . On the other hand, Mayer (1983) generally defined problem-solving strategies as a route that does not necessarily provide a definite correct result, but is instead a guide to help students solve problems. The application of this strategy in T&L can help improve students' problem-solving skills as problem-solving is a basic skill needed by all students, but at the same time, can also be a complex mental activity (Charles et al. 1997) . According to Munir (2008) and Oguz (2011) , the implementation of problem-solving in the T&L environment can improve the quality of learning. Through these strategies, students have to find information and solve problems through their own efforts; this process compels them to be independent and to think critically and creatively (Sarimah & Abreza 2010) . Problem solving is known as one of the essence in building future engineers and technologies (Felders, 1988 , Jonessen et al, 2006 . They are people who make our life easier, healthier and safer through new designs and technologies. Problem solving can be taught in many ways in Engineering Education programmes, but the most important thing is the problem should be a real world problem. Designing is part of the important elements in engineering which being taught through engineering drawing (ED) subject.
2003).
It is a means of graphical communication engineers and technologist used in their process of designing. Before they started designing anything, they should be able to translate the problem under study into a pictorial representation. This can be done through incorporating problem solving strategies in Engineering Drawing teaching and learning. Students whom are skilled at Engineering Drawing are usually proficient at understanding concepts and theories, are able to master certain skills, and can solve ED problems well. Why do some students find it difficult to apply the skills and concepts that they learn in ED? Why is ED considered a difficult subject by some students? This is due to ED's essentially hierarchical design; a student's understanding of one concept is dependent on his understanding of another. A student's failure to understand the basic concepts of ED will make learning at the next level more challenging (Abd. Hadi 2005 , Mohd. Safarin 2008 . What are the criteria used by a student in learning ED? To a student, obtaining information in ED is an arduous procedure because it involves cognitive and psychomotor procedures which require them to be skilled in problem-solving. According to Schoenfeld (1994) , problem-solving is a complex process that engages various cognitive operations such as collecting and sorting information, and heuristic and metacognititve strategies. Most students are not actually weak in problem-solving, but rather are unskilled in planning strategies when solving a given problem (Schoenfeld 1985 and Zan 2000) . Students' failure in ED is actually a reflection of their failure in problem-solving; therefore, problem-solving is important in the learning of ED.
A research conducted by Berinderjeet (1997) found that students fail in solving problems due to a few factors i.e. low understanding of the given problem, low knowledge of how to plan an appropriate problem-solving strategy, inability to interpret a problem, application of inappropriate strategy, committing mistakes during the exchange of information, mistakes during computation, poor understanding of concepts, and confusion in the interpretation of information. According to İbrahim and Erol (2005) , problem-solving skills among students can be improved by providing them with appropriate T&L support by integrating problem-solving strategies in the T&L support material.
The exposure to problem-solving strategies that students receive can help them improve their achievement, increase their interest in a subject, and change student attitudes towards learning (Gök, T. & Silay 2010) . According to Taconis et al. (2001) , problem-solving strategies can be taught and learned. The goal of the application of problem-solving strategies in T&L is to give students a chance to use the skills they have learned in tackling relevant problems (Shahabuddin et al. 2007 ). According to PPK (2003) , problem-solving can be integrated into all learning activities for students of all levels of achievement and it can also be taught at any level of T&L. The main point is for the T&L to be conducted actively i.e. problem-solving as a hands-on and minds-on activity. Problem-solving strategies can be taught in several ways: teachers can teach it by discussing problems with students, or by displaying or showing the correct answer or solution during T&L in class (Reif 1981) . According to Tan & Lee (1999) , problem-solving can be taught by showing students how a problem is solved. The students' role is to observe and analyze the steps taken by the teacher in solving the problem and then to apply the same strategies in solving other relevant problems. Besides that, teachers can also encourage students to perform rote-learning where students are asked to solve as many problems as possible (Taconis et al. 2001) , and also by analyzing worked examples from chosen reference books (Tuovinen & Sweller 1999) .
Previous research has found that the application of this method in T&L produces positive effects on student achievement and student skills in problem-solving (Razak 2007 , Adesoji 2008 , Sakorn Pimta 2009 and Sri Adelila et al. 2010 ). According to Mohd. Johan (2002) , a high level of problem-solving skills is required to successfully solve problems and in order to master these skills; students must use the strategies often. Bransford & Stein (1993) explained that a student's academic achievement can be improved if he masters problem-solving strategies. A research performed by Kadir (2005) found that the implementation of problem-solving strategies in T&L can improve the results of learning, especially in increasing knowledge, understanding, application, and also achievement. According to Effandi et al. (2007) , students must be given the chance to utilize the knowledge, concepts, and skills that they have learnt in solving new problems; after all, students will be able to solve problems well if they are allowed to master and understand concepts as well as use the knowledge that they have gained (Foster 2000) . Therefore, emphasizing the implementation of problem-solving strategies in ED T&L is a step towards transforming the way students learn ED. Though not all topics in ED can be taught using the problem-solving method, it is certain that positive learning outcomes can be produced.
Problem Statement
ED is a graphic communication language which uses graphic shapes to convey information simply and directly; it has its own rules that are made up of established conventions, symbols, and standards. It was introduced as a subject with the intention of equipping students with the necessary information, basic principles, and practical skills in the field of engineering. The syllabus provided in Malaysian secondary schools focuses on imparting www.ccsenet.org/ass Asian Social Science Vol. 8, No. 16; 2012 concept understanding, basic principles of graphic construction in ED, and also drawing, planning, and reading skills in ED. It is a complicated subject to teach as it involves students, teachers, school administration etc. (BKTV 2003) . ED was introduced in Malaysia under the Integrated Secondary School Curriculum in 1994 (KBSM, 1994) which means that this subject has been taught in Malaysia for more than 17 years. It was introduced with the objective to give students early exposure to technical subjects on a basic level before they pursue engineering subjects at the tertiary level (BPTV, 2003) . Usually, students' success levels are measured through examinations; according to an analysis of student performance in the ED subject for SPM from year 2003 to (Lilia et al. 2012 , student performance was not excellent in terms of quality even though there was an increase in terms of quantity. This shows that there is a setback in the implementation of the ED subject in school, especially problems faced by both students and teachers with regards to the T&L process. According to Marc (2009) , the challenge in the T&L of engineering subjects is very real; more often than not, students' learning outcomes do not reach the required objectives and this makes it difficult to ensure that all students master the subject (Marc 2009). Sometimes, students require various approaches that are specific to the type of learning that is being conducted. Therefore, the T&L of ED at schools must be conducted using the appropriate method in order to make the T&L efficient and effective.
According to the researchers' earlier study and other past studies, the main problem faced by students in the learning of the ED subject is that they are unable to master the basic concepts of Geometric Drawing (GD) in ED and are not skilled at solving problems in ED (Azizi et al. 2000; Zol Bahri 2001; LPM 2004; Abdul Hadi 2005; BPPDP 2006; Mohd Safarin 2008; Marc 2009; Azaman 2009 Azaman , 2010 . Generally, the learning of ED requires high imagination, creative thinking, and observation and inquiry skills. Students are required to understand and master many basic GD concepts; the mastery of diagram construction in ED is extremely important as failure to master basic GD concepts will subsequently cause failure to understand, interpret, and solve other ED problems (Mohd Safarin, 2008) . According to Johari (2005), a deep understanding of concepts is the pre-requirement for mastering the subject. Without a clear understanding of a concept or a basic skill taught at the early stages of learning, the subsequent learning processes will be hindered and difficult (Sabri et al. 2006; Anjali 2010) . A student who does not fully understand a concept cannot accurately explain a phenomenon (Wan Zah, 2000) . Based on this problem, the researchers took the initiative to implement problem-solving strategies in the T&L of ED by developing an ED T&L Module which integrates problem-solving strategies. The researchers have also identified the plane geometrical drawing topic in ED which students experience the most difficulty with i.e. Tangent, Ellipse and Parabolic (TEP). This module was developed in two forms: a printed module and a computer-animated module. Both media consist of the same content and are used in tandem in the T&L of problem-solving strategies in the classroom. Students and teachers rated high on the module when the feasibility study was carried out (Lilia et al. 2012) . Therefore the aim of the paper is to present the discussion on the effects of the implementation of problem-solving strategies on student achievement, student mastery of problem-solving knowledge, and students' ED problem-solving skills through the implementation of the ED T&L Module.
Conceptual Framework
The ED T&L Module is an ED T&L support material used as a tool to implement problem-solving strategies in ED. It was developed in a systematic and planned manner, grounded in constructivism theory, cognitive load theory, and the application of problem-solving strategies. Diagram 2 shows the conceptual framework used in this research. From the perspective of constructivism (PPK 2001) , learning is seen as a process in which students actively construct meaning from new experiences and link it to their existing knowledge. Thus, the activities in the ED T&L Module are arranged in such a way that encourages students to construct their own meaning through their existing knowledge and also their new experiences. The module also includes a lot of graphics and text. The cognitive load theory was applied as a guide for the arrangement of graphics and texts in order to lessen students' cognitive load. Besides that, computer animations were also used to lessen the cognitive load, especially in the explanation of the concepts required in the construction of ED diagram construction. The computer animation was specifically developed to show how ED concept diagrams are constructed and also the use of problem-solving strategies in ED; this helps students understand the processes that they have to go through when constructing ED diagrams and also the methods of solving problems in ED. According to Marc (2009), Kamariah et al. (2010) and Brandusa et al. (2010) , the use of animation can help students better understand and focus on the information being conveyed; it can even help students who face learning problems, especially in terms of learning abstract concepts (Marzia Pisciotta et al. 2010; Anjali 2010) . Besides that, computer animation can help students understand the process of problem-solving (Ana 2010) and to imagine the concepts being explained through the transformations shown on screen (Kamariah et al. 2010) . Additionally, Oguz (2011) explained that computer-based teaching of problem-solving strategies may improve student achievement and increase students' problem-solving skills.
The ED T&L Module developed in this research also integrates problem-solving strategies with the objective of improving student mastery of problem-solving knowledge and problem-solving skills in ED. A problem-solving guide was also developed for students where they are exposed to problem-solving strategies and then are required to use the strategies to solve given problems. They are also provided with an example of how problem-solving strategies are used and an ED problem-solving worksheet to assist in solving the problems given to them. The learning strategy of problem-solving used in the development of the ED T&L Module was based on a model introduced by Krulik and Rudnick (1996) which suggests five steps towards problem-solving. This model was chosen as it appropriate framed the problem-solving steps needed in ED.
The five-step problem-solving model suggested by Krulik and Rudnick (1996) is as follows:
1) Reading the question and thinking:
Student must read the question and identify what is required by the question, examine the diagram, and think of a solution. In this phase, student should observe the design of the given diagram.
2) Exploring and planning:
Exploring means that the student must examine the design pattern of the given diagram. Identify the tangent www.ccsenet.org/ass Asian Social Science Vol. 8, No. 16; 2012 concepts that are used. Identify the location of the three main circles which shape the tangent diagram. Identify the tangent line and tangent arc, and also the location of main tangent points. Then, the student must find and choose an appropriate answer; for questions that require it, students must plan on how to draw the correct diagram.
3) Choosing a strategy:
Student should arrange the steps involved in the solution according to priority. This is important due to time constraints. The steps include deciding the diagrams that need to be drawn and which geometric methods should be employed. In this phase, student's mastery of tangent construction concepts is vital in order to identify the best strategy in solving the ED problem.
4) Devising a solution:
Student must execute the planned strategy and implement the steps needed in the drawing of the diagrams. He has to use geometric methods when constructing the diagrams. He must also possess knowledge on how to use types of lines e.g. construction lines and object lines. He should ensure that he labels the loci of tangent points.
5) Checking and reflecting:
Student must check his answers and ascertain that each answer fulfills the requirements given by the question. In this phase, student must make sure that only the required objects are drawn using object lines and that the others are drawn using construction lines. He must also ascertain that all measurements are correctly measured and drawn. Every diagram must be drawn using geometric method and a normal line should be drawn in order to identify the loci of tangent points.
In this research, Krulik and Rudnick's (1996) problem-solving model was used as a reference for the implementation of ED problem-solving activities for students. One of the advantages of this model compared to other models is that it includes the exploring and planning strategy. In order to solve problems in ED, students must explore the diagram question given and plan on how to solve it by planning a strategy. The researcher adapted this model to the needs of problem-solving in ED. This model will be used by teachers and students during ED T&L in solving ED problems. Diagram 2 shows the ED TEP Problem-solving Model adapted from Krulik and Rudnick (1996) . Figure 2 . ED TEP Problem-solving model adapted from Krulik and Rudnick (1996) www.ccsenet.org/ass Asian Social Science Vol. 8, No. 16; 2012 70 The following is an example of how to complete a graphic ED assignment illustrated using computer animation: The following is a problem-solving worksheet developed for students used as an aid in solving ED problems: Ensuring that the construction line and object line were used correctly / 10 Ensuring that the construction line was used when drawing the construction of the diagram / 11 Ensuring that the required diagram is completed with an object line / 12 Checking that the drawn product fulfills the requirements of the question /
Research Method

Research Design and Sample
This study employed the quasi-experimental research design because the students involved in the research were taken from existing classes; therefore, a random selection of the research sample could not be done (Johnson & Christensen 2000) . The selection of the sample was determined using two methods: the first is purposive sampling for the selection of schools which possess similar research sample criteria, and secondly, random selection where two Technical Secondary Schools (TSS) were selected from eight shortlisted TSS and then one TSS was randomly chosen to be the experimental group (EG) which consisted of 110 students and the other to be the control group (CG) with 109 students. The independent variable of this research is the teaching method; two methods of ED T&L were used: ED T&L Module which integrates the use of problem-solving strategies and the conventional ED T&L method which utilizes text books and the blackboard. These methods will be compared in order to observe the effects on student learning. The dependent variable in this research consists of student achievement, student knowledge of problem-solving in ED, students' problem-solving skills and ED TEP problem-solving activity practices. The pre-test was conducted to both groups to determine their level of ability before the treatment. The result showed that there was no significant different in their ability before the treatment. The treatment was conducted for eight weeks and pos-test was conducted to the the experimental and control groups after the eight week lesson.
Instrument
The two types of instruments employed in this research are the ED performance test and a questionnaire. Student achievement and levels of knowledge are measured using the ED performance test, while students' problem-solving skills were measured using a 5-scale Likert questionnaire. A pilot test and pre-test were carried out on the ED performance test in order to determine its reliability and validity; the reliability was found to be between 0.731 and 0.917 which is a high Alfa Cronbach value. The score from these two instruments were analysed using descriptive statistics and inferential statistics of mean score, standard deviation and independent sample t-test respectively.
Research Findings
The effects of implementing problem-solving strategies through the use of the ED T&L Module as support material in T&L were determined using the ED performance test and the prepared questionnaire. The effects on student achievement and knowledge of problem-solving strategies was determined through an analysis of ED performance tests while students' problem-solving skills and activity practices were determined using the prepared questionnaire.
Descriptive analyses i.e. mean scores and standard deviations of the three dependent variables are shown in Inferential statistics analysis i.e. independent sample t-test was used to determine whether there is any significant difference in terms of dependent variables between the two groups.
The results of the independent sample t-test statistical analysis are as follows:
Effects on Student ED Performance
The findings of the independent sample t-test analysis on the ED performance test are shown in Table 3 : According to Table 3 , the findings of the independent sample t-test analysis show that there is a significant difference in terms of mean score in the ED performance test between the two groups. This difference is valued at t(208.2)=3.927, p<0.05 where the mean score of the experimental group (Mean = 63.17) is higher than the control group's (Mean = 53.16). This means that the experimental group displayed better performance compared to the control group, showing that the implementation of problem-solving strategies through the ED T&L Module was successful in improving student achievement, especially for the TEP topic.
Effects on the Mastery of Problem-solving Knowledge
Findings of the independent sample t-test analysis on student mastery of problem-solving knowledge are shown in Table 4 : According to Table 4 , findings of the independent sample t-test analysis show that there is a significant difference in terms of the mean score between the groups for student mastery of ED problem-solving knowledge. The difference is valued at t(207.7)=3.841, p<0.05 where the experimental group's mean score (Mean = 30.00) is higher than the control group's (Mean = 25.25). This indicates that the mean score of experimental group is better than the control group's, showing that the implementation of problem-solving strategies through the ED T&L Module was successful in improving student knowledge of problem-solving strategies in ED. Further analysis of effects on problem-solving knowledge are shown in Table 5 which displays the findings of the mean score independent sample t-test analysis on aspects of ED problem-solving knowledge between the experimental www.ccsenet.org/ass Asian Social Science Vol. 8, No. 16; 2012 group and control group. Through further analysis of three aspects of student problem-solving knowledge, findings of the independent sample t-test analysis show that there is a significant mean score difference between the two groups for two of the aspects i.e. mathematical knowledge (t(194.2)=5.744, p<0.05) and procedural knowledge (t(180.4)=7.771, p<0.05); the mean scores for the EG in terms of both mathematical (EG: Mean=6.41, CG: Mean=5.74) and procedural knowledge (EG: Mean=3.80, CG: mean=1.41) were both better than the CG's. On the other hand, no significant difference (t(217)=1.782, p<0.05) was found for the conceptual knowledge aspect as both groups showed similar results (EG: Mean=19.80, CG: Mean=18.11), though it should be noted that the EG shoed a better mean score. These findings show that the implementation of problem-solving strategies in the ED T&L through the use of the ED T&L Module has successfully improved student knowledge of problem-solving in ED, especially in terms of mathematical and procedural knowledge besides positively affecting conceptual knowledge.
Effects on Students' Problem-solving Skills
The findings of the independent sample t-test analysis on students' problem-solving skills in ED TEP are shown in table 6. According to Table 5 , there is no significant mean score difference in terms of students' problem-solving skills between the EG (Mean=3.93) and the CG (Mean=3.89), as the value is only t(217)=0.522, (p>0.05). Though there is no statistically significant difference, the mean score of the EG is better than the CG. This shows that the implementation of problem-solving strategies through the ED T&L Module positively affected students' problem-solving skills and the in-classroom learning of ED. EG: Mean=3.94, CG: Mean=3.95 ) were found to be almost the same for both EG and CG. Overall, the implementation of problem-solving strategies through the ED T&L Module positively affected students' problem-solving skills achievement in-classroom learning of ED.
Discussion of Research Findings
Analysis of the research findings has shown that there is a significant difference in the mean score of student achievement and student mastery of problem-solving knowledge between the two groups, where the experimental group showed higher mean scores than the control group. Though there was no significant mean score difference in terms of student problem-solving skills, the experimental group's mean score was better than the control group's. This shows that the implementation of problem-solving strategies through the ED T&L Module positively affected student achievement, student mastery of problem-solving knowledge and students' problem-solving skills. The findings of this research are supported by other research, especially those done in the field of science, such as Leonard et al (1996) , Kadir (2005) Besides that, the usage of computer animation is also an important factor that contributes to the success of the implementation of the problem-solving ED T&L Module. The research findings show that the use of computer animation has successfully improved student achievement and student mastery of problem-solving knowledge. These findings are supported by past research which show that the usage of animation in T&L reduces misunderstanding of concepts, effectively integrates information, increases the chances for meaningful learning (Mayes & Anderson 1992; Kim et al. 2007) , increases student understanding of what is being learned (Hegarty 2004; Kim et al. 2007; Céline Schlienger et al. 2007; Hoffler & Leutner 2007) and produces significant effects on student learning outcomes (M. Iqbal & Herry 2004; Tang 2005; Roxana et al. 2008; Kemal et al. 2010) .
In this research, the computer animation was specifically developed for the explanation of ED concepts by illustrating the concepts step-by-step i.e. the steps needed to construct an ED TEP diagram using geometric method and also other steps needed to solve ED TEP problems. The computer animations were developed to show drawing methods using actual drawing tools. The use of animation allows for information to be imparted to students in a simpler manner as students are able to clearly observe the construction process of an ED diagram from start to finish; they are able to use all their senses in the T&L process. This allows the students to be more focused, attentive, and fully appreciate the learning process. Indirectly, students' cognitive load will also be decreased which serves to maximize the absorption of input. When this process is allowed to happen, students will be able to gain a deeper understanding of what is being learned. The findings of this research show that the usage of computer animation in the implementation of problem-solving strategies in the ED T&L process positively affects student learning outcomes and that the computer animation developed for this research can be appropriately used as supporting material in the ED T&L process, specifically for problem-solving strategies.
Based on the research findings, the following recommendations are presented to the relevant authorities, especially those concerning teachers and students:
1) Teachers should give students more learning activities that incorporate problem-solving strategies in the classroom T&L process.
2) Students should be exposed to problem-solving strategies so that they will be able to enhance their mastery of problem-solving knowledge and skills.
www.ccsenet.org/ass Asian Social Science Vol. 8, No. 16; 2012 3) Teachers should identify students who are able to master problem-solving strategies and those who are not and find a solution to tackle this problem.
4) Teacher trainees at Institutes of Higher Learning and Institutes of Teacher
Training should improve their knowledge of T&L strategy, especially in terms of problem-solving strategies. 5) ED teachers are advised to teach ED concepts by emphasizing on following correct steps and encouraging students to make a habit of checking and reflecting on their work.
Conclusion
Overall, the implementation of problem-solving strategies through the ED T&L Module positively affected students' learning outcomes especially in improving student achievement, student mastery of problem-solving knowledge and students' problem-solving skills in ED. This shows that the problem-solving strategies integrated in the ED T&L Module can be appropriately applied in the T&L of ED. By following the strategies, students are more systematically assisted and structured which is a very important step in training the novice or beginner before facing a more ill structured problem which normally encountered in the real world situation. It has also been demonstrated that it was possible to integrate knowledge and skills using computer assisted teaching and learning. It therefore seems that the inclusion of problem solving strategies in the Engineering Drawing subject may enhance student capability in problem solving knowledge and skills. The use of computer added in Engineering Drawing and other subject or activities in Engineering Education programmme should be promulgated as widely as possible, because it is certainly clear that any innovative teaching and learning to the existing lecture-centric would always be welcomed in the training of future generation engineers and technologist.
Kementerian Pelajaran Malaysia. (2004). Integrated Secondary School Curriculum Syllabus for Engineering
Drawing Form 4 and 5. Kuala Lumpur: KPM.
